Addition of RLi to a mixture of quinuclidine N-oxide (1) and (-)-sparteine in toluene at -78°, followed by quenching with benzaldehyde gives threo (3, 34% ee) and erythro (4, 40% ee) adducts with moderate enantioselectivity. Reaction of RLi with 1 followed by treatment with (-)-sparteine prior to electrophile addition affords racemic products while no deprotonation is observed when 1 is treated with a preformed complex of RLi and (-)-sparteine. These results indicate that only a sequential association of 1 with RLi and (-)-sparteine leads to the complex undergoing enantioselective deprotonation.
Introduction
The quinuclidine ring is a part of the structure of cinchona and some indole alkaloids which exhibit well known physiological activities. 1 Some functionalised synthetic quinuclidines have also been identified as specific muscarinic agonists with potential in Alzheimer's dementia therapy. 2 Moreover, quinuclidine compounds have proved to be effective catalytic chiral control elements in a wide range of reactions. 3 However, not many synthetic routes are available to access quinuclidine derivatives, specially in an enantioselective manner. Recently, Lygo et al. have have used Sharpless epoxidation to induce asymmetry and stereodivergent cyclisation of the resulting diols to form quinuclidine alcohols 2 (Fig. 1) . 3,4 Herein we describe our results concerning enantioselective synthesis of 2 using (-)-sparteine (sp) as an added chiral ligand in the Barton elaboration of quinuclidine N-oxide (1). 5 (-)-Sparteine mediated enantioinduction at carbanionic centres is a well established strategy of asymmetric synthesis and pioneering work of Beak and Hoppe has delineated mechanistic pathways of enantioselective lithiation and substitution. 6a-f These studies are based on amine derivatives such as amides and carbamates and invoke lithium association with a coordinating site of the substrate in the enantio-differentiating species. However, amine N-oxides which also have a strongly lithium coordinating oxygen site have remained unexplored. In this context the present approach is of synthetic as well as mechanistic interest.
Figure 1

Results and Discussion
Lithiation of quinuclidine N-oxide was carried out by adding s-BuLi to a stirred suspension of 1 and (-)-sparteine in THF at -78°. After 3 hr benzaldehyde was introduced and the product was deoxygenated with TiCl 3 to give, after chromatographic separation on silica gel, pure racemic amino alcohols 2, threo in 23% yield and erythro in 32% yield ( Fig. 1 ). In diethyl ether this reaction proceeded with modest enantioselectivity to furnish alcohols 3 [34% enantioexcess (ee)] and 4 (36% ee). The enantioexcess and absolute configuration of these alcohols was determined by comparison of specific rotation values with those reported in the literature. 4 It is interesting to note that while the absolute configuration of our predominant erythro enantiomer (4) is the same as that of the Lygo compound, it is opposite in case of the threo isomer. 4 Efforts to improve enantioselectivity by change of base (n-BuLi, t-BuLi) or solvent (toluene: hexane 1:1; toluene: hexane 9:1; toluene: ether 9:1) gave products with similar or lower ee values. Only in pure toluene were ee values in the 40-50% range obtained. The erythro isomer could be rapidly enriched by crystallisation from toluene e.g. a single crystallisation from this solvent raised the ee value from 40 to 64%. In mechanistic terms, formation of enantioenriched products by the above-described procedure can be explained by an enantioselective deprotonation or by enantioinduction at the post deprotonation stage. The latter possibility was discounted by adding (-)-sparteine to the reaction mixture after deprotonation of 1 with RLi, as the alcohols obtained by this method were racemic (Scheme 1). Deprotonation did not occur when a preformed complex of RLi and (-)-sparteine was cannulated into a stirred suspension of N-oxide 1 in toluene, as no product formation was observed on reaction with benzaldehyde. In view of the unexpected nature of this observation in toluene, the experiment was repeated several times with no change in the results. These findings do not fit into any standard mechanistic pathway postulated for chiral ligand mediated lithiation-electrophile reaction sequences.
6 A plausible rationalisation is depicted in scheme 1. The key element of this proposal is that when RLi is added to a mixture of 1 and (-)-sparteine, it sequentially complexes with 1 and sp to give the tricomplex 6 which undergoes enantioselective deprotonation (1-5-6-7a ) 7 . On the other hand, RLi already complexed to sparteine (8, in monomeric or aggregated form) does not associate further with 1 to give 6, nor does it abstracts a proton from 1. The latter inference may seem surprising but in a related work also we have observed that RLi readily deprotonates a BF 3 complex of Nmethyltetrahydroisoquinoline, yet deprotonation by a preformed RLi-sparteine complex does not occur under otherwise identical conditions. 8
Scheme 1 Experimental Section
All the reactions were carried out under a nitrogen atmosphere in flame-dried apparatus using standard syringe-septum techniques. Reaction solvents were distilled over sodium/benzophenone. Quinuclidine N-oxide (1) was freshly distilled over CaH 2 prior to use. 9 sBuLi as a solution in pentane was prepared according to the reported method and was titrated against sec-butyl alcohol using 1,10-phenanthroline as an indicator.
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2-(Phenylhydroxymethyl)quinuclidine (2) 4 For erythro isomer ee was also determined by CSP-HPLC (using phenomenex chirex CSP-3022 column using hexane/methanol/ dichloroethane/trifluoroacetic acid as the eluent) and by 1 H NMR spectral analysis.
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To a suspension of N-oxide 1 in diethyl ether (0.18 M), (-)-sparteine (1.1 equiv.) was added at room temperature. The reaction mixture was cooled to -78°C and sec-BuLi (1.1 equiv., 2.2N) was added slowly. The resulting solution was stirred at -78 C for 3 hr before the addition of benzaldehyde (1.1 equiv.). Stirring was continued for 1 hr at -78°C and for an additional hour after warming of the reaction mixture to room temperature. The reaction was quenched by adding saturated aqueous NH 4 Cl. A solid material consisting of the starting and product N-oxide settled down immediately. It was washed with ether to remove (-)-sparteine and neutral materials. The solid material was reduced in situ by a freshly prepared concentrated solution of TiCl 3 in 2N HCl. The mixture was made strongly basic by the addition of 15% NaOH solution, and it was vigorously stirred until the solid had turned light grey. The mixture was filtered and the residue washed with ether. The filtrate was dried and the solvent evaporated in vacuo to give the mixture of diastereomeric amino alcohols 3 and 4 after filtration through a pad of silica gel using hexane, ethyl acetate, Et 3 N (50:50:1) as the solvent system, or the mixture of 3 and 4 was separated through flash chromatography on silica gel. 
